WHEN Dr. Mackenzie and his pupils and myself began working on the action of digitalis and its allies at Mount Vernon, the first point was to find out whether the substitutes for digitalis where equally valuable; whether there were special indications for digitalis as opposed to those for squill and strophanthus. And in a foriner communication to the Section1 I pointed out that there was very little evidence that strophanthus or squills were preferable in any case to digitalis, which is much more certain in its action; but that, on the other hand, strophanthus might be substituted for digitalis in any special case. There is no essential difference in the action of any of the three on patients. The second point which we took up was to develop the statement made by Mackenzie some seven years ago that digitalis acted specially on the cases which we know as auricular fibrillation. That has been fully confirmed in a paper recently published by Mackenzie in Heart.2 The third point that we took up was, how did digitalis act, how far was the action due to its direct action on the heart, and how far was it due to an inhibitory effect, that is, to action upon the inhibitory cenitre? That point has been specially worked upon by Silberberg and Marris and myself. Silberberg has already read a preliminary note on this subject before this Society,3 and a full paper will soon appear in Heart.
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The first thing to do in any investigation of this kind is to determine what is the nature of the heart lesion. We have divided the heart diseases which we have treated into two classes. I shall call those, first, cases of normal rhythm, in which, although there may be some irregularity, the impulses start from the ordinary pacemaker, the auricle beats after the impulse reaches it, and the ventricle beats after the auricle. The other class is that which is known as auricular fibrillation, in which the impulses arise from a very disordered action of the auricle, and the ventricle follows these as well as it may. The reaction to digitalis of these two classes is extraordinarily different. As Mackenzie has pointed I Proceedtngs, 1911 , iv, pp. 7-11. 2 Heart, 1910 -11, ii, pp. 273-386. 3 Proceedings, 1911 out, in the normal rhythrn heart digitalis occasionally slows the beat. It is a comparatively low percentage, about 1 in 5, in which the heart is slowed by digitalis. And the heart in those cases shows all the symptoms of inhibitory activity; there are all the symptoms which one knows accompany stimulation of the vagus centre. The particular forms one sees are, block between auricle and ventricle, and sinus slowing, that is to say, fewer impulses are sent out from the pacemaker in one set, and in the other set fewer impulses pass from auricle to ventricle.
In the vast majority of those cases this is a true vagus stimulation, because one can get rid of this irregularity by giving atropine. And in Silberberg's paper you may remember that in all his cases in which the atropine was given and the heart was of normal rhythm, the slowing due to digitalis disappeared, that is to say, slowing was inhibitory in character. Very soon after Silberberg's paper was read we came across two cases in which this did not hold true, as you may see from the lantern slides. Here in normal rhythm hearts slowing and irregularity of the pulse occurred, which did not disappear under atropine, and therefore were not of inhibitory character. Silberberg showed in this paper that in auricular fibrillation the slowing induced by digitalis was not inhibitory, for it did not disappear under atropine. We have continued the work by observations in which strophanthin was injected intravenously and the slowing was noted from hour to hour. Other observations were made on the same patients, but in these, while strophanthin was given intravenously the inhibitory mechanism was put out of action by atropine. In the two sets of observations the heart was slowed in the same way, that is, strophanthin slowed the heart in auricular fibrillation even when the inhibitory mechanism could no longer act. Some of the charts obtained in this way you may see on the screen, and you will observe that the slowing is the same in character whether atropine is given or not.
The slowing of the nornmal rhythmn heart under digitalis is therefore generally, but not invariably, inhibitory in origin. The slowing in auricular fibrillation does not arise from stimulation of the inhibitory centre, and in fact the inhibition is less active during the slow pulse than before or after the digitalis action. Having reached the negative point that the slowing in these cases is not due to inhibition, we think it is worth while recording the fact. But we have scarcely approached the question as to what the slowing is due to. We have got rid of one explanation which has been given, and we are now faced with the difficulty of saying what the slowing arises from. One is inclined to say it may be a direct action on the bundle, such as we met in the two cases, -one of which I showed you, of normal rhythm; that there was failure ,of conduction in the fibrillation cases from a direct vago-mimetic action. But while it occurs in the frog, he is, after all, a distant relative to the human to argue from, and I tried whether one could find a defect in the passage of irnpulses in the dog, whether the passage through the auriculo-ventricular bundle was rendered more difficult in digitalis; because we found some years ago that there was often developed in the dog's heart under digitalis an independent rhythm in the ventricle, with persistence of the auricular rhythm, which suggested block in the auriculo-ventricular bundle. As a matter of fact, there is no.change in the rate of passage through the bundle owing to digitalis in the dog, except through inhibition. If one paralyses inhibition the rate of passage through the bundle is the same before digitalis, or before strophanthin in particular, as after it. So the dog experiments do not encourage us to believe that the slowing of the pulse in this irregularity in man is due to failure in the passage of impulses through the bundle.
On the other hand, another explanation might be that whilst the passage through the bundle is unchanged, the impulse having passed the bundle finds a somewhat unsympathetic ventricle, a ventricle with a low rate of excitability, which fails to respond to it. As a matter of fact, one finds a slight diminution in the excitability of the ventricle in the dog; that is to say, the ventricle stimulation by electrical shocks requires a somewhat stronger shock after strophanthin than before it in a heart freed from the inhibition. But I am not sure that the slowing of the heart is not really a tribute to the action of digitalis in improving the contraction of the heart. The heart in these cases is rapid partly, perhaps, because it is irritable; it is half-starved, and the digitalis, by improving the contraction, may do something by way of improving the nutrition, and thus making the ventricle indirectly less excitable and less receptive for auricular impulses. What suggested this idea to me was that in some of these cases there was a considerable and quite definite fall in the rate of the pulse simply on putting the patient to bed. After this degree of slowing had been maintained for a time we gave digitalis, and it slowed still further. One cannot suppose that the rest in bed led to paralysis of the bundle, or lessened the conductivity of the bundle through direct action. Yet one must suppose that the slowing is of the same character. If digitalis slows the heart by merely improving the nutrition, one would suppose rest in bed would have the same effect. That is the reason I suggest that possibly the slowing is Therapeutical and Phaarmacological Section 20& due to the indirect action of digitalis upon contractility. But this is purely hypothetical. We have, however, a definite problem to solvethe cause of the slowing of the heart and pulse in auricular fibrillation under digitalis, for the old explanation has proved to be incorrect.
DISCUSSION.
The PRESIDENT (Professor W. E. Dixon, F.R.S.) said it was not very often that even this Section had an opportunity of listening to an exposition of experimental therapeutics; this branch of investigation was almost conspicuous by its absence in this country. It was thus a great pleasure to. listen to the author's contribution that day, especially as it seemed to him that the experiments he now detailed were fundamental. They all had taught. and believed up to the present that digitalis slowed the heart entirely by its vagal action, and that if one gave digitalis or its congeners along with atropine there was an action on muscle without any cardiac slowing. Apparently that was wrong, at all events in some cases of auricular fibrillation. But he would make a suggestion. A number of years ago he was doing experiments consistingof perfusing isolated hearts, when he noticed, while observing the percentage of oxygen in the perfusing fluid acting through the heart, that when onediminished the percentage of oxygen in the perfusing fluid the rate of theheart beat was increased. If that observation were correct, was it conceivablethat this might throw some light on the action of digitalis-namely, by sending a better blood through the coronary vessels, so i'mproving the nutrition of the heart, and in that way slowing the heart beat?
Dr. CHARLES W. CHAPMAN said he was interested particularly in the latterpart of Professor Cushny's paper in which he said that probably the action of digitalis might be in the direction of improving the nutrition of the muscle. This remark brought him back to what Sir Samuel Wilks always used to teach-namely, that digitalis was not a cardiac depressant but a cardiac tonic. Sir Samuel Wilks emphasized this very strongly at a time when it was not at all generally recognized. It seemed that the profession was. returning to that view, from what the President had just said.
Dr. BEZLY THORNE considered that the suggestion made by Professor-Cushny was of vital importance from the therapeutical point of view. If digitalis improved the contraction of the heart, it improved the driving powerof that organ through the coronary vessels; and if the coronary vessels carried more nutritive material to the myocardium, and the myocardium took a longer swing in its systolic movement, it would probably occupy more time in so doing. It was just possible-though as far as he was concerned it was pure speculation-that this was so. It was known that digitalis improved the tone of the auricle, and consecutively that of the ventricle also. It would be very interesting if these experiments slhowed that digitalis acted mainly by improving the nutrition of the myocardium itself.
Dr. H. H. DALE asked how Professor Cushny could be certain that he had excluded all vagus effect. Was it not possible that the stronger stimulation of the vagus centre under digitalis was able to break through a resistance opposed by atropine, even when this was adequate to block the weaker effect of normal vagus tone ?
Dr. LANGDON BROWN said that the paper was most interesting, in that it suggested the consideration of digitalis as a possible improver of cardiac nutrition. He took it that Professor Cuslhny divided the cases into two groups and that he still held that auricular fibrillation was largely benefited by partial blocking of the passages of the impulses down the auriculoventricular bundle. Or did Professor Cushny mean that in this matter we should go back to the beginning ?
Professor CUSHNY, in reply, said he had always found that -5-1 gr. of atropine was sufficient to accelerate the heart before digitalis. In cases of doubt he had given , gr. He believed le was right in assuring the Section that he excluded vagus action; at any rate, in some cases pressure on the vagus after atropine had no effect on the pulse-rate. One might suppose, theoretically, that strong stimulation of the vagus might send an impulse through, but that a weak stimulation would not do so. He was not sure whether that was a practicable point. [Dr. DALE asked whether a minute dose of atropine would not block the effect of a very weak electrical stimulation of the vagus, while the effect of a strong electrical vagus stimulation would still pass. If one ,could assume that any dose of atropine which would block any stimulation would block all, his point fell to the ground.] He did not know that anything on this last point mentioned by Dr. Dale had been done experimentally. In reply to Dr. Langdon Brown, he thought one should start with a clean slate; he was not sure that blocking of impulses was what digitalis did; it might be that it rendered a ventricle less excitable. All that he had so far letermined was that it was not an inhibitory block. He was interested in the President's remark that the loss of oxygen made the ventricle more irritable, because he was not aware of any work having been done in which the condition known to the clinician as the irritable heart had been shown experimentally as being present in weak nutrition. He did not suppose that digitalis, in some mystic way, improved the nutrition of the heart; he supposed that digitalis strengthened the beat of the heart, as was universally acknowledged, that this strengthened beat improved the flow of blood through the coronary arteries, and that this led to improved nutrition. The improved nutrition, in other words, was an indirect result of the improved strength of the heart .beat.
